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FORENORD 
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ADVANCED REFRACTORY ALUlY CORROSION LOOP PROGRAM 

I. INTRODUCTION 

This  r e p o r t  cove r s  t h e  per iod  from January 15, 1969 t o  A p r i l  15, 1969. 

The primary t a s k  of  t h i s  program i s  t o  f a b r i c a t e ,  o p e r a t e  f o r  10,000 hours  

and e v a l u a t e  a T-111 Rankine System Corros ion  T e s t  Loop. M a t e r i a l s  f o r  

eva lua t ion  i n c l u d e  t h e  containment a l l o y ,  T-111 (Ta-8W-2Hf) and t h e  t u r b i n e  

cand ida te  m a t e r i a l s  Mo-TZC and Cb-132M which a r e  l o c a t e d  i n  t h e  t u r b i n e  

s imula to r  of t h e  two-phase potassium c i r c u i t  of t h e  system. The loop  des ign  

w i l l  be s i m i l a r  t o  t h e  Cb-1Zr Rankine System Corros ion  T e s t  Loop; a t w o -  

phase, fo rced  convect ion,  potassium c o r r o s i o n  test loop  which has  been t e s t e d  

under Cont rac t  NAS 3-2547. Lithium i s  being hea ted  by d i r e c t  r e s i s t a n c e  

i n  a primary loop. H e a t  r e j e c t i o n  f o r  condensat ion i n  t h e  secondary potas- 

s i u m  loop  i s  being accomplished by r a d i a t i o n  i n  a h igh  vacuum environment t o  

t h e  water  cooled chamber. The c o m p a t i b i l i t y  of t h e  s e l e c t e d  m a t e r i a l s  w i l l  

be  eva lua ted  a t  c o n d i t i o n s  r e p r e s e n t a t i v e  of space  electric power system 

ope ra t ing  cond i t ions ,  namely: 

3 .  Boi l ing  temperature ,  2050°F 

b. Superheat temperature ,  2150°F 

e .  Condensing tempera ture  , 1400°F 

d.  Subcooling temperature ,  lOOOOF 

e. Mass flow r a t e ,  40 lb /h r  

f .  B o i l e r  exi t  vapor v e l o c i t y ,  50 f t / s s c  

g.  

h. 

Average hea t  f l u x  i n  p lug  (0-18 i nches ) ,  240,000 Btu/hr f t 2  

Average hea t  f l u x  i n  b o i l e r  (0-250 inches ) ,  23,000 Btu/hr f t 2  

I n  a d d i t i o n  t o  t h e  primary program t a s k  c i t e d  above t h e  program a l s o  

inc ludes  capsu le  t e s t i n g  t o  e v a l u a t e  advanced tan ta lum a l l o y s  of t h e  ASTAR 

811 type  (Ta-8W-I.Re-lHf) i n  both potassium and l i t h ium.  

("Hoffman, E. E. and Holowach, J. , Cb-1Zr Rankine System Corros ion  T e s t  
Loop,, Potassium Corros ion  T e s t  Loop Development Topica l  Report  No.  7, 
R66SD3016, General Electric Company, C i n c i n n a t i ,  Ohio, May 1, 1968. 



Also inc.luded i n  t h e  program i s  t h e  f a b r i c a t i o n ,  5000-hour o p e r a t i o n  

and eva lua t ion  of a 2600°F, h igh  f low v e l o c i t y ,  pumped l i t h i u m  loop  de- 

s igned t o  e v a l u a t e  t h e  c o m p a t i b i l i t y  of t h e  ASTAR 811 type  a l l o y s ,  T-111, 

T-222; and t h e  tungs t en  a l l o y ,  W-25Re-30Mo a t  c o n d i t i o n s  s i m u l a t i n g  an 

out -of -p i le  thermionic  r e a c t o r  system. 
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11. SzlblIMARY 

Tes t ing  of t h e  T-111 Rankine System Corros ion  T e s t  Loop was i n i t i a t e d  

on January 25, 1969. 

On A p r i l  19,  1969 t h e  T-111 Corros ion  Loop completed 2000 hours  of 

s t a b l e  o p e r a t i o n  without  any d i f f i c u l t y .  
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111. PROGRAM STATUS 

A.  T-111 RALNKINE SYSTEM CORROSION TEST LOOP START-UP 

Bo i l ing  o p e r a t i o n  of t h e  c o r r o s i o n  loop  was i n i t i a t e d  by f i r s t  i n -  

c r e a s i n g  t h e  l i t h i u m  tempera ture  to 1350’F a t  a f low r a t e  of approximately 

2 gpm. The secondary EM pump w a s  a d j u s t e d  t o  supply  a l o w  f low of potas-  

sium t o  t h e  b o i l e r ,  and t h e  f low r a t e  and primary tempera ture  were grad- 

u a l l y  inc reased  a t  a r a t e  t o  main ta in  t h e  chamber p r e s s u r e  below 5 x 

t o r r .  T h e  ou tgass ing  r a t e  i nc reased  cons ide rab ly  a s  t h e  loop  tempera tures  

were inc reased ,  and the t i t a n i u m  subl imat ion  pumps were used t o  a s s i s t  t h e  

g e t t e r - i o n  vacuum pumps i n  main ta in ing  a lom7 t o r r  p r e s s u r e  l e v e l  i n  t h e  

vacuum chamber. 

The r a t e  of i n c r e a s e  t o  t h e  test c o n d i t i o n s  was l i m i t e d  by t h e  out -  

gas s ing  of t h e  loop  components. The chamber p r e s s u r e  and the p a r t i a l  

p re s su res  of t h e  p r i n c i p a l  r e s i d u a l  gases  du r ing  t h i s  pe r iod  when t h e  

test  c o n d i t i o n s  w e r e  being approached i s  shown i n  F igu re  1. Hydrogen ac- 

counted f o r  ove r  95% of t h e  t o t a l  r e s i d u a l  gas  p re s su re .  Although t h e  

chamber p r e s s u r e  reached t h e  1 0  t o r r  s c a l e  du r ing  s t a r t - u p  t h e  p a r t i a l  

p re s su res  of oxygen bea r ing  r e s i d u a l  gases  were torr  or lower. Addi- 

-6 

t i o n a l  d i s c u s s i o n  of t he  p a r t i a l  p r e s s u r e  gas  a n a l y s i s  of the test chamber 

environment i s  covered l a t e r  i n  t h i s  r e p o r t .  

Short  pe r iods  of u n s t a b l e  b o i l i n g  were noted du r ing  t h e  s t a r t u p  of 

t h e  loop a s  ad jus tments  t o  t he  l i t h i u m  tempera ture  and potassium flow 

caused b o i l i n g  t o  move o u t  of t h e  p lug  s e c t i o n .  This  e f f e c t  was observed 

i n  t h e  o p e r a t i o n  of t h e  C b - 1 Z r  Rankine System Corros ion  Tes t  Loop and i s  

descr ibed  i n  d e t a i l  i n  t h e  t o p i c a l  r e p o r t .  ( 2 )  

b o i l i n g  i n s t a b i l i t i e s  on t h e  potassium p r e s s u r e  and f low i s  shown i n  

F igure  2. A f t e r  a s h o r t  per iod  of t i m e  (approximately 22 minutes)  of 

u n s t a b l e  b o i l i n g  t h e  potassium EM pump power was decreased  with a co r re s -  

ponding dec rease  i n  potassium f low and p res su re .  Bo i l ing  r e t u r n e d  t o  t h e  

The t y p i c a l  e f f e c t  of these 

plug s e c t i o n  and became s t a b l e .  

(2’Hoffman, E.  E.,  Holowach, J. , Cb-1Zr Rankine System Corros ion  T e s t  Loop, 
Topical  Report  No. 7 NASA Cont rac t  NAS 3-2547, General Electric Company 
Report R67SD3016. 
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The primary loop tempera ture ,  secondary flow r a t e  and p r e h e a t e r  

tempera ture  were i n c r e a s e d  u n t i l  t h e  des ign  c o n d i t i o n s  were m e t  a s  

descr ibed  i n  t h e  test  p lan , (3)  namely: 

Bo i l ing  tempera ture  2050' f 25'F 

Superheat tempera ture  2150' f 10°F 

Condensing tempera ture  1400' f 25°F 

Potassium flow r a t e  - 35 l b / h r  * 5 l b / h r  

The T-111 Rankine System Corros ion  Tes t  loop  began logging  hours  a t  1630 

hours on January 25, 1969. 

B. T-111 RANKINE SYSTEM CORROSION TEST LOOP OPmTION 

1. Opera t iona l  S u r v e i l l a n c e  

On Alarch 8, 1969 t h e  T-111 Corros ion  T e s t  Loop completed 1000 hours  

of ope ra t ion .  A s  a r e s u l t  of t h e  s t a b l e  and t r o u b l e - f r e e  o p e r a t i o n  of  

the  loop du r ing  t h i s  per iod ,  cons t an t  s u r v e i l l a n c e  appeared t o  be less 

of a n e c e s s i t y  than  o r i g i n a l l y  a n t i c i p a t e d .  Furthermore,  ad jus tments  

made dur ing  t h i s  t e s t i n g  per iod  were l i m i t e d  predominantly t o  minor ad- 

jus tments  t o  t h e  l i t h i u m  h e a t e r  t o  compensate for l i n e  v o l t a g e  f l u c t u a t i o n s  

not compensated f o r  by t h e  v o l t a g e  s t a b i l i z e r .  

The e f f e c t  of t h e s e  f l u c t u a t i o n s  on the l i t h i u m  b o i l e r  i n l e t  temper- 

a t u r e  %ere examined du r ing  t h e  per iod  March 11, 1969 to  March 17, 1969 w i t h  

no ad jus tments  being made f r o m  1600 hours  t o  0800 hours .  It  was found t h a t  

a n t i c i p a t o r y  ad jus tments  to  t h e  l i t h i u m  h e a t e r  power made by daytime s h i f t  

o p e r a t o r s  could r e s u l t  i n  main ta in ing  t h e  l i t h i u m  b o i l e r  i n l e t  t empera ture  

wi th in  i 25°F. 

On March 22, 1969 loop  o p e r a t i o n  was reduced t o  t h e  daytime s h i f t  

wi th  unat tended o p e r a t i o n  from 1600 hours t o  0800 hours .  No d i f f i c u l t i e s  

were encountered i n  main ta in ing  s t a b l e  loop  ope ra t ion ,  and t h e  l i t h i u m  

b o i l e r  i n l e t  t empera ture  was e a s i l y  maintained w i t h i n  a f 25°F band a s  

i n d i c a t e d  i n  t h e  da ta  shown i n  F igure  3. The potassium vapor tempera ture  

(3)Advanced Refrac tory  A l l o y  Corros ion  Loop Program, T e s t  P lan  f o r  T-111 
Rankine System Corros ion  T e s t  Loop, Page 34. 
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a t  t h e  exit of t h e  b o i l e r  was maintained w i t h i n  a f 20°F band. The b o i l i n g  

temperature ,  which i s  determined by t h e  b o i l e r  i n l e t  p re s su re ,  was maintained 

w i t h i n  C 2°F. 

and concomitant b o i l e r  o u t l e t  p re s su re ,  of prime i n t e r e s t  i n  t u r b i n e  oper- 

a t i o n .  

This  f u r t h e r  i n d i c a t e s  t h e  s t a b i l i t y  of t h e  i n l e t  p r e s s u r e  

Considering t h a t  the  temperature  measurements i n  m i l l i v o l t s  a r e  read 

to t h e  n e a r e s t  0.05 mv, t h e  p l o t  of t h e  m i l l i v o l t  r ead ings  vs  t i m e  shown 

i n  F igu re  4 i n d i c a t e s  t h e  measured va lues  f a l l  w i t h i n  a * 1% band. 

On A p r i l  10, 1969 cont inuous s u r v e i l l a n c e  of t h e  loop  was r e s t o r e d  

and w i l l  be  maintained throughout t h e  10,000 hour test  per iod.  With con- 

t inuous s u r v e i l l a n c e  t h e  l i t h i u m  b o i l e r  i n l e t  temperature  can be maintained 

w i t h i n  a k 15°F band by adjustments  t o  the  l i t h i u m  h e a t e r  power when re- 

q u i r e d  a s  p rev ious ly  descr ibed.  

2. Loop Temperatures 

On A p r i l  19,  1969 t h e  T-111 Cor ros ion  Loop completed 2000 hours  of 

ope ra t ion .  The loop  temperatures  recorded a t  t h a t  t i m e  a r e  shown i n  

F igu re  5 and temperatures  of major i n t e r e s t  a r e  shown on the  loop  schematic 

i n  F igu re  6. The performance of t h e  loop  has  been e x c e l l e n t  i n  t h a t  control 

adjustments  have been l i m i t e d  t o  minor changes i n  t h e  power i n p u t  t o  the 

l i t h i u m  h e a t e r  t o  compensate f o r  small  l i n e  v o l t a g e  changes no t  compensated 

f o r  by t he  vo l t age  s t a b i l i z e r .  A comparison of t h e  d a t a  ob ta ined  a t  1000 

hours w i t h  the  2000 hour d a t a  shown i n  Table I f u r t h e r  i n d i c a t e s  the  s t a -  

b i l i t y  of t h e  l o o p ' s  performance. 

3. B o i l e r  Condi t ions 

The l i th ium temperature  p r o f i l e  i n  t h e  b o i l e r  and t h e  c a l c u l a t e d  

potassium q u a l i t y  and temperature  a s  a f u n c t i o n  of b o i l e r  l e n g t h  a r e  

given i n  F igu re  7. The c a l c u l a t e d  q u a l i t i e s  i n d i c a t e d  a r e  based on 

thermal c a l c u l a t i o n s  invo lv ing  potassium flow, potassium b o i l e r  i n l e t  

temperature,  l i t h i u m  flow and t h e  d rop  ir, t h e  measured l i t h i u m  tempera- 

t u r e s  a s  a f u n c t i o n  of b o i l e r  l eng th .  C a l c u l a t i o n s  i n d i c a t e  approximately 

100% q u a l i t y  vapor i s  a t t a i n e d  a t  t h e  e x i t  of t h e  plug s e c t i o n ,  18 i n c h e s  

from the  b o i l e r  i n l e t .  I n  t h e  remaining 195 i n c h e s  t h e  vapor i s  super- 

heated t o  2147OF. The 135OF of supe rhea t  is the d i f f e r e n c e  between the 

10 
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TABLE I 

T-111 RANKINE SYSTEM CORROSION TEST LOOP PERFORMANCE 

Date 
T e s t  Hours 

3-8-69 
1000 

4- 19- 69 
2000 

Lithium Flow Rate  
Lithium Temp., I n  
Lithium Temp., Out 
Lithium AT 

Potassium Flow Rate  
Plug Boi l ing  Temperature 
B o i l e r  E x i t  Vapor Temp. 
B o i l e r  Exit S a t u r a t i o n  Temp. 
Potassium Vapor Superheat 
Condensing Temperature 

Potassium Heat Input  
1. Preheat  
2 .  Heat  of Vaporizat ion 
3.  Superheat 

TOTAL 

T o t a l  Power t o  Lithium Heater  
To ta l  Power t o  Potassium 

N e t  Heat Loss 

205 l b d h r  
2253"l? 
2078°F 

175°F 

36 l b s / h r  
2048°F 
2147°F 
2012°F 

135°F 
1416°F 

2280 Btu/hr 
26,300 Btu/hr 

1040 Btu/hr 

207 l b s / h r  
2253"F* 
2078°F 

175°F 

37 l b s / h r  
2048°F 
2138°F 
2011°F 

127°F 
1416°F 

2340 Btu/hr  
26,950 Btu/hr 

947 Btu/hr 

29,620 Btu/hr 

13.2 kw 
8.7 kw 

4.5 kw 

30,237 Btu/hr 

13.7 kw 
8.9 kw 

4.8 kw 

* 
The l i t h i u m  b o i l e r  i n l e t  temperature  i s  maintained 
wi th in  i 15'F by a p p r o p r i a t e  ad jus tments  to  t h e  
l i t h i u m  h e a t e r  power. 
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measured tempera ture  of t h e  potassium vapor a t  t h e  b o i l e r  e x i t ,  2147OF, 

and t h e  s a t u r a t i o n  temperature ,  2012’F, a s  determined by t h e  b o i l e r  e x i t  

p r e s s u r e ,  158 p s i a .  

4. Boi l ing  S t a b i l i t y  

The p r e s s u r e  and f low t r a c e s  shown i n  F igure  8 i n d i c a t e  t h e  s t a b i l i t y  

of t h e  b o i l i n g  i n  the loop. P res su re  f l u c t u a t i o n s  noted on t h e  Taylor  

gauges a r e  less than  1 ps ia .  

5. T e s t  Chamber Environment - P a r t i a l  P r e s s u r e  Ana lys i s  

The chamber p r e s s u r e  and p a r t i a l  p r e s s u r e s  of t h e  va r ious  gaseous 

s p e c i e s  i n  t h e  test chamber du r ing  t h e  pe r iod  of l oop  o p e r a t i o n  up t o  

2000 hours a r e  shown i n  F igure  1. The t o t a l  p r e s s u r e  (sum of p a r t i a l  

pressures) i s  c o n s i s t e n t  w i t h  the i o n  gauge reading ,  even though i t  i s  

n e a r l y  a f a c t o r  of two g r e a t e r .  The reason  f o r  t h i s  i s  t h a t  t h e  major 

s p e c i e  i s  hydrogen which has  a r a t h e r  l o w  i o n i z a t i o n  e f f i c i e n c y ,  the i o n  

gauge s e n s i t i v i t y  r e l a t i v e  t o  n i t r o g e n  be ing  only 0.42. 

A t  t he  s t a r t  of loop  o p e r a t i o n  a t  des ign  c o n d i t i o n s ,  t h e  i o n  gauge 
-6 -8 

reading  was 1 x 10  t o r r ,  bu t  dropped r a p i d l y  r each ing  t h e  1 0  torr 

range i n  less than  100 hours.  Throughout t h e  2000 hour test pe r iod ,  90 

t o  95% of t h e  r e s i d u a l  gas  i n  the chamber was  hydrogen. The’source  of 

t h i s  gas  i s  probably ou tgass ing  of hea ted  metal  p a r t s ,  either t h e  loop  

i t s e l f  o r  t h e  suppor t ing  s t r u c t u r e .  I n  e i t h e r  case ,  t h e  hydrogen p a r t i a l  

p re s su re ,  and t h u s  t h e  t o t a l  p r e s s u r e ,  can be expected t o  s lowly dec rease  

throughout the per iod of f u t u r e  loop  ope ra t ion .  The f a c t  t h a t  the  N2 and 

CO: A r ,  and 0 

a p p r e c i a b l e  leakage  i n  t h e  system. 

concent ra t ions .  a r e  so low i n d i c a t e s  the absence of any 
2 

It  i s  of i n t e r e s t  t o  compare t h e  r e s i d u a l  gas  composi t ion i n  t h e  

p re sen t  test w i t h  t h a t  ob ta ined  under s i m i l a r  c o n d i t i o n s  i n  t h e  prev ious  

Cb-1Zr Corros ion  Rankine System Loop T e s t . ( 4 )  For  t h e  Cb-1Zr loop  a f t e r  

1000 hours  of loop  ope ra t ion ,  t h e  t o t a l  p r e s s u r e  was about  4 x 1 0  t o r r  

w i t h  major species N + CO, A r ,  and H i n  approximately equal  p ropor t ions .  
-8 

For t h e  T-111 loop  a f t e r  1000 hours ,  t h e  t o t a l  p r e s s u r e  was about  4 x 10 

-8 

2 2 

‘*’Hoffman, E. E. and Holowach, J . ,  Cb-1Zr Rankine System Corros ion  T e s t  
Loop, Potassium Corros ion  T e s t  Loop Development Topica l  Report No. 7, 
R66SD3016, General Electr ic  Company, C i n c i n n a t i ,  O h i o ,  IvIay 1, 1968. 
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torr  wi th  major s p e c i e  %. 
pres su re  was obta ined  i n  both  tests, a f t e r  1000 hours, and i t  i n d i c a t e s  

t h a t  much more hydrogen ou tgass ing  occur s  i n  t h e  p re sen t  T-111 loop  test ,  

w h i l e  t h e  oxygen bea r ing  gases  were h i g h e r  i n  t h e  Cb-1Zr loop  test. 

C. ADVANCED TANTALUM ALUlY CAPSULE TESTS 

This  comparison t h u s  shows t h a t  t h e  same t o t a l  

Tes t ing  of t w o  ASTAR 811C and one ASTAR 811CN l i t h i u m  thermal  con- 

vec t ion  capsu le s  cont inues .  A s  of A p r i l  15, 1969, over  4200 hours  of 

t e s t i n g  had been completed. The chamber p r e s s u r e  a t  t h a t  t i m e  was 5 x 10” 

t o r r .  An a n a l y s i s  of t h e  tempera ture  d i s t r i b u t i o n  i n  t h e  capsu le s  i s  being 

performed t o  c a l c u l a t e  t h e  l i t h i u m  flow. 

D. 2600°F LITHIUM LOOP 

A mod i f i ca t ion  of t h e  2600°F Lithium Loop i s  a n t i c i p a t e d  

lower t he  o p e r a t i n g  tempera ture  t o  1900°F and i n c o r p o r a t e  new 

imens i n  the specimen test section. 

which w i l l  

f u e l  spec- 
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I V .  :FUTURE PLANS 

A. Continue o p e r a t i o n  of t h e  T-111 Rankine System Corros ion  T e s t  Loop. 

B. Complete SO00 hours  of t e s t i n g  t h e  advanced tan ta lum a l l o y  c a p s u l e s  

and i n i t i a t e  p o s t t e s t  eva lua t ion .  

19  



PUBLISHED REPORTS 

Quar te r ly  Progress 

Report No.  1 (NASA-CR-54477) 

Report No .  2 (NASA-CR-54845) 

Report  No. 3 ( ~ ~ s ~ - C R - 5 4 9 1 1  1 ;< 
Report No. 4 (NASA-CR-72029) 

i, 

Report No.  

Report No.  

R e p o r t  No .  

Report No.  

Report No.  

Report Xo. 

Report N o .  

Report Xo. 

Report KO. 
Report No .  

Report No .  

5 (NASA-CR-72057) 

6 (NASA-CR-72177) 

7 (NASA-CR-72230) 

8 (NASA-CR-72335) 

9 (NASA-CR-72336) 

10 (NASA-CR-72352) 

11 (NASA-CR-72383) 

12 (NASA-CR-72452) 

13 (NASA-CR-72483) 

14 (NASA-CR-72505) 

15  (NASA-CR-72527) 

For Quarter  
Ending 

Ju ly  15, 1965 

October 15, 1965 

January 15, 1966 

Apr i l  15, 1966 

Ju ly  15, 1966 

October 15, 1966 

January 15, 1967 

Apr i l  15, 1967 

J u l y  15, 1967 

October 15, 1967 

January 15, 1968 

Apr i l  15, 1968 

Ju ly .  15, 1968 

October 15, 1968 

January 15, 1969 

20 



DISTRIBUTION LIST 
QUARTERLY AND FINAL PRDGRESS REPORTS 

CONTRACT NAS3-6474 

NASA 
i’iashington, D .  C .  20346 
Xttn: X r v i n  Smith (RK’w) 

Simon V a  JIanson (RNP) 
George C .  Deutsch (RR) 
D r .  Fred Schulman (RNP) 
H .  Rochen (RW) 

NASA 
S c i e n t i f i c  8r Tech. In fo .  F a c i l i t y  
P.O.  ljos 33 
Col lege  P a r k ,  Blaryland 20740 
A t t n :  Acqu i s i t i ons  Branch (SQT-34054) 

(2 + Repro) 

SASA 
Goddard Space F l i g h t  C e n t e r  
Greenbel t ,  Maryland 20771 
Xttn: L i b r a r i a n  

SASX 
Langley Research Center  
Hanpton, V i r g i n i a  23365 
Xt tn :  L i b r a r i a n  

SASA 
Lea i s  Research C e n t e r  
21000 Brookpark Road 
Cleveland,  Ohio 44135 
At tn :  L i b r a r i a n ,  MS 60-3 

D r .  Fernard Lubarsky (SPSD) 
MS 3-3 

G .  AI. A u l t ,  BIS 105-1 
R .  L.  Davies (ARSB) MS 500-201 

(2) 
John E .  D i l l e y  (SPSPS) 

Xaxine Saba la ,  M S  3-19 

Coulson Scheuerman, M S  106-1 
Report Cont ro l  O f f i c e ,  MS 5-5 
V. Rlavin ,  MS 3-14 

MS 500-309 

T. A .  MOSS,  AIS 500-201 

(F ina l  Only) 

NASA 
Wanned Spacec ra f t  Center 
Houston, Texas 77001 
A t t n :  L i b r a r i a n  

NASA 
George C. Marshal l  Space F l ight  Center 
H u n t s v i l l e ,  Alabama 38512 
A t t n :  L i b r a r i a n  

Jet \Propuls ion  Laboratory 
C a l t f o r n i a  I n s t i t u t e  of Technology 
4800 Oak Grove Drive 
Pasadena, C a l i f o r n i a  91103 
A t t n :  L i b r a r i a n  

Na t iona l  Bureau o f  S tanda rds  
Washington, D. C. 20225 
A t t n :  L i b r a r i a n  

F l i g h t  Veh ic l e  Power Branch 
A i r  Force Aero Propu l s ion  Lab 
Wright P a t t e r s o n  AFB, Ohio 45433 
A t t n :  Cha r l e s  Armbruster ,  ASRPP-10 

AFAPL (APIP) 
George E .  Thompson, APIP-1 
George Glenn 

Army Ordnance Frankford Arsena l  
Br idesburg  S t a t i o n  
P h i l a d e l p h i a ,  Pennsylvania  19137 

Bureau of Mines 
Albany, Oregon 
Attn:  L i b r a r i a n  

Bureau of Sh ips  
Department of t h e  Navy 
Washington, D. C .  20225 
A t t n :  L i b r a r i a n  

Bureau of’ Weapons 
Research & Engineer ing  
M a t e r i a l s  D iv i s ion  
Washington, D .  C. 20225 
A t t n :  L i b r a r i a n  

U. S. A t o m i c  Energy Commission 
Technica l  Repor ts  L i b r a r y  
Washington, D. C. 20545 
At tn :  J. M. O’Leary (2) 

M. J. Whitman 

21 



Report D i s t r i b u t i o n  L i s t  - NAS3-6474 - Q u a r t e r l y  and F i n a l  (Continued) 

U. S .  Atomic Energy Commission Avco 
German t ou n , Xar y 1 and 2 07 67 
A t t n :  Col.  Gordon Dicker ,  201 L o w e l l  S t r e e t  

Research & Advanced Development Dept. 

SSAP/30/SPUR P r o j e c t  O f f i c e  Wilmington, Massachuse t t s  01800 
B. E .  Horton At tn :  L i b r a r i a n  

L'. S .  Atomic Energy Commission 
Technica l  Information S e r v i c e  ~Ex't. 
P. 0.  Box 62 
Oak Ridge, Tennessee 37831 (3) 

O f f i c e  o f  Naval Research 
Pouer Div i s ion  
Washington, D .  C .  20225 
Attn:  L i b r a r i a n  

1 3 

L. 5 .  Sava1 Research Laboratory 
Washington, D.  C .  20225 
Attn:  L i b r a r i a n  

. h e r i c a n  Machine and Foundry Company 
A i exa nd r i a D i  v i s i on 
1023 North Royal S t r e e t  
Alexandr ia ,  V i r g i n i a  
At tn :  L i b r a r i a n  

Aerojet-General  Corpora t ion  
P. 0. Box 209 
Azusa, C a l i f o r n i a  91702 
A t t n :  L i b r a r i a n  

AiResearch Manufacturing Company 
Sky Harbor Ai rpo r t  
402 South 36th  S t r e e t  
Phoenu;, Arizona 85034 
Attn:  L i b r a r i a n  

A i  R e  s ea rch  Manufacturing Company 
9851-9951 Sepulveda Boulevard 
Los Angeles,  C a l i f o r n i a  90045 
A t t n :  L i b r a r i a n  

Argonne Yat iona l  Laboratory 
Library  S e r v i c e s  - Dept. 203CE0125 
9700 South Cass Avenue 
Argonne, I l l i n o i s  60439 
At tn :  Report  S e c t i o n  

Atomics I n t e r n a t i o n a l  
8900 DeSoto Avenue 
Canoga Park ,  C a l i f o r n i a  91303 
Attn:  Harry Pearlman 

B a t t e l l e  Memorial I n s t i t u t e  
505 King Avenue 
Columbus, Ohio 43201 
A t t n :  L i b r a r i a n  

D r  . E, M. Simmons 

Bat te l le -Nor thwes t  Labs 
P .  0. Box 999 
Richland,  Washington 99352 

The Bendix Corpora t ion  
Research L a b o r a t o r i e s  D iv i s ion  
S o u t h f i e l d ,  Michigan 
A t t n :  L i b r a r i a n  

The Boeing Company 
S e a t t l e ,  Washington 98100 
A t  t n  : Li  b r a r i a n  

Brookhaven Nat iona l  Laboratory 
Upton, Long' I s l a n d ,  N e w  York 11973 
A t t n :  L i b r a r i a n  

Chance Vought A i r c r a f t ,  Inc .  
P .  0. Box 5907 
D a l l a s ,  Texas 75222 
Attn:  L i b r a r i a n  

C l e v i t e  Corpora t ion  
Mechanical Research Div i s ion  
540 Eas t  105 th  S t r e e t  
Cleveland,  Ohio 44108 
A t t n :  N .  C.  B e e r l i  

P r o j e c t  Admini s t r a to r  

Convair  A s t r o n a u t i c s  
5001 Kerrny V i l l a  Road 
San Diego, C a l i f o r n i a  92111 
A t t n :  L i b r a r i a n  

Curt iss-Wright  Corpora t ion  
Wright-Aeronaut ical  D iv i s ion  
Woodridge, New J e r s e y  07075 
A t t n :  S. Lombard0 

22 



Report D i s t r i b u t i o n  L i s t  - NAS3-6474 - Q u a r t e r l y  and F i n a l  (Continued) 

Ford Motor Company 
Xeronau t ron i  c s 
Seapor t  Beach, C a l i f o r n i a  92660 
Xt tn :  L i b r a r i a n  

General Atomic 
John J a y  Hopkins Laboratory 
P. 0. Box 608 
San Diego, C a l i f o r n i a  92112 
Xttn:  D r .  Ling Yang 

L i b r a r i a n  

General E l e c t r i c  .Company 
Atomic Pouer Equipment Div i s ion  
P .  0. Ebs 1131 
S3n Jose, C a l i f o r n i a  

General E l e c t r i c  Company 
Missile 6: Space Div i s ion  
P.  0. Box 855s 
P h i l a d e l p h i a ,  Pennsylvania’19114 
Xt tn :  L i b r a r i a n  

General E l e c t r i c  Company 
Y a l l e c i t o s  Atomic Lab 
P leasan ton ,  C a l i f o r n i a  94566 
At tn :  L i b r a r i a n  

Gene r a 1 Dynam i cs /Fort  Worth 
P .  0.  Box 748 
Fort worth,  Texas 76100 
At t n :  L i b r a r i a n  

Genera 1 Si0  t o r  s Co rpo r  a t i o n  
Allison Div i s ion  
Ind ianapo l i s ,  Indiana 46206 
Attn:  L i b r a r i a n  

Hamilton S tandard  
Div i s ion  of  United A i r c r a f t  Corp. 
Windsor Locks, Connect icut  
A t  t n  ; L i b r a r i a n  

Hughes A i r c r a f t  Company 
Engineer ing Div i s ion  
Culver  C i t y ,  C a l i f o r n i a  90230-2 
Attn:  L i b r a r i a n  

I IT  Research I n s t i t u t e  
10 West 35th  S t r e e t  
Chicago, I l l i n o i s  60616 
Attn:  L i b r a r i a n  

Lockheed Missiles and Space D i v i s i o n  
Lockheed A i r c r a f t  Corpora t ion  
Sunnyvale,  C a l i f o r n i a  
Attn:  L i b r a r i a n  

Marquardt A i r c r a f t  Company 
P .  0. Box 2013 
VagzNuys, C a l i f o r n i a  
At tn :  L i b r a r i a n  

The Mart in  Company 
Bal t imore ,  Maryland 21203 
At tn :  L i b r a r i a n  

The Mart in  Company 
Nuclear  D i v i s i o n  
P. 0. Box 5042 
Baltimore,  Maryland 21220 
At tn :  L i b r a r i a n  

Mar t in  M a r i e t t a  Corpora t ion  
Meta ls  Technology Labora tory  
Wheeling, I l l i n o i s  
At tn :  L i b r a r i a n  

M a t e r i a l s  Research & Development 
Manl.abs, Incorpora ted  
21 E r i e  S t r e e t  
Cambridge, Massachuse t t s  02139 

M a t e r i a l s  Research Corpora t ion  
Orangeburg, N e w  York 
Attn:  L i b r a r i a n  

McDonnel A i r c r a f t  
S t .  Louis ,  Missour i  63100 
At tn :  L i b r a r i a n  

Union Carb ide  Meta ls  
Niagara F a l l s ,  N e w  York 14300 
A t t n :  L i b r a r i a n  

M r .  W. H, Podolny 
Uni ted  Aircraf t  Corpora t ion  
P r a t t  & Whitney Div i s ion  
400 West Main S t r e e t  
Har t fo rd ,  Connect icu t  06108 

Uni ted  Nuclear  Corpora t ion  
Research and Engineer ing  Cen te r  
Grass land  Road 
Elmsford,  New York 10523 
At tn :  L i b r a r i a n  

23 



Repar; D i s t r i b u t i o n  L i s t  - NAS3-6474 - Q u a r t e r l y  and F i n a l  (Continued) 

i‘nion Carbide Corpora t ion  
Parma Research Center  
P .  0. Box 6115 
Cleveland,  Ohio 44101 
Artn: Technica l  Informat ion  S e r v i c e s  

Wah Chang Corporat ion 
Albany, Oregon 
At tn :  L i b r a r i a n  

West- inghouse Elec t r ic  Corporat  
As t ronuclear  Laboratory 
P ,  0. Box 10864 
P i t t s b u r g h ,  Pennsylvania  15236 
At tn :  L i b r a r i a n  

R .  T .  Begley 

Xes t 1 nghouse Elec t r ic  Corpora t ion  
Ai3 t er 1 a1  s Manufac t u r ing  D i  vision 

B l a i r s s i l l e ,  Pennsylvania  
Xttn:  L i b r a r i a n  

RD = 2 ,  Box 25 

Kest inghouse Electr ic  Corpora t ion  
Aerospace Elec t r ica l  Div i s ion  
Lima, Oh io  
A t tn :  J .  Toth 

Kest inghouse E l e c t r i c  Corpora t ion  
Research b; Development Center  
P i t t s b u r g h ,  Pennsylvania  15235 
At tn :  L i b r a r i a n  

Wyman-Gordon Company 
North Graf t on ,  g a s s a c h u s e t t s  
At tn :  L i b r a r i a n  

Grumnnn A i r c r a f t  
Bethpage, N e w  York 
Attn :  L i b r a r i a n  

Lawrence Rad ia t ion  Laboratory 
Livermore,  C a l i f o r n i a  
At tn :  L i t r a r i a n  ( 2 )  

A 1  1 i sori-General Motors 
Energy Conversion Div i s ion  
Indianapoli:, Ind iana  
At tn :  L i b r a r i a n  

North American Avia t ion ,  Inc .  
A t o m i c s  I n t e r n a t i o n a l  D iv i s ion  
P. 0. Box 309 
Canoga Pa rk ,  C a l i f o r n i a  91304 
A t t n :  Director, L iqu id  Metals 

Informat ion  Cen te r  

Douglas A i r c r a f t  Company, Inc .  
Missile and Space Systems Div i s ion  
3000 Ocean Pa rk  Boulevard 
Santa Monica, C a l i f o r n i a  
A t t n :  L i b r a r i a n  

Climax Molybdenum Company of Michigan 
1600 Huron Parkway 
Ann Arbor,  Michigan 48105 
At tn :  L i b r a r i a n  

i>”r. M. Semchyshen 

Lawrence Rad ia t ion  Laboratory 
Livermore,  C a l i f o r n i a  
A t t n :  D r .  James H a d l e y  

MSA Research Corpora t ion  
C a l l e r y ,  Pennsylvania  16024 
Attn:  L i b r a r i a n  

North American Av ia t ion  
Los Angeles Div i s ion  
Los Angeles,  C a l i f o r n i a  90009 
A t t n :  L i b r a r i a n  

Oak Ridge Na t iona l  Labora tory  
Oak Ridge, Tennessee 37831 
At tn :  W .  H .  Cook 

W .  0. Harms 
L i b r a r i a n  
J. H .  DeVan 
A. Litman 

P r a t t  & Whitney A i r c r a f t  
400 Main S t r e e t  
E a s t  Har t fo rd ,  Connect icu t  16108 
At tn :  L i b r a r i a n  

Engineer ing  L ib ra ry  
F a i r c h i  I d  Hi l l o r  
Republ ic  Av ia t ion  Corpora t ion  
Farmingdale,  Long I s l a n d ,  New York 
Attn:  L i b r a r i a n  

24 



Report D i s t r i b u t i o n  L i s t  - NAS3-6474 - Q u a r t e r l y  and F i n a l  (Continued) 

Rocketdyne 
Canoga Pa rk ,  C a l i f o r n i a  91303 
A t t n :  L i b r a r i a n  

S o l a r  
5200 P a c i f i c  Highway 
San Diego, C a l i f o r n i a  92112 
At tn :  L i b r a r i a n  

Southwest Research I n s t i t u t e  
8500 Culebra Road 
San Antonio,  Texas 78206 
At tn :  L i b r a r i a n  

Supe r io r  Tube Company 
Norr i  stown, Pennsylvania  
Xttn:  A .  Bound 

Sylvania  Electr ics  Productp,  Inc.  
Chemcal  k M e t a l l u r g i c a l  
Towanda, Pennsylvania  
Xttn:  L i b r a r i a n  

.h 

l.. 

TRW, Inc .  
Caldwell  Res C e n t e r  
23555 Eucl id  Avenue 
Cleveland,  Ohio 44117 
At tn :  L i b r a r i a n  

Pnion Carbide Corpora t ion  
S t e l l i t e  D iv i s ion  
Iiokomo , Ind iana  
Attn:  L i b r a r i a n  

Cnion Carbide Nuclear  Company 
P .  0. Box x 
Oak Ridge, Tennessee 37831 
Xt tn :  X-10 Laboratory,  

Records Department (2) 

Fans tee l  M e t a l l u r g i c a l  Corpora t ion  
Xorth Chicago, I l l i n o i s  
At tn :  L i b r a r i a n  

h’at ional  Research Corpora t ion  
405 I n d u s t r i a l  P l a c e  
Newton, Massachuset ts  
At tn :  L i b r a r i a n  

Universa l  Cyclops Steel Corpora t ion  
B r i d g e v i l l e ,  Pennsylvania  
Attn:  C. P. Muel le r  

Los A l a m o s  S c i e n t i f i c  Laboratory 
Un ive r s i ty  of C a l i f o r n i a  
Los Alamos, New Mexico 
Attn: L i b r a r i a n  

Lockheed Georgia Company 
Dip i s ion ,  Lockheed A i r c r a f t  Company 
Marietta, Georgi a 
A t t n :  L i b r a r i a n  

TRW, Inc .  
TRW Systems Group 
One Space Pa rk  
Redondo Beach, C a l i f o r n i a  90278 
Attn:  D r .  H. P. Si lverman 

Sandia Corpora t ion  
Aerospace Nuclear S a f e t y  Div i s ion  
Sandia  Base 
Albuquerque, New Mexico 87115 
At tn :  A.  J. C la rk  (3) 

L i b r a r i a n  
James Jacob 

Var i an Associates 
Vacuum Produc t s  D iv i s ion  
611 Hansen Way 
P a l o  Alto,  C a l i f o r n i a  
Attn:  L i b r a r i a n  
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